CONTENTS

ESa7ILAIILD - FilterIIR

FilterIIR <> ROV




ESa17)NIVD - FilterIIR

FilterIIR O<> R{d. XZ1— Analysis—Filter Z&RUT. 44700 THIRETEET,
ST 7O0 EMEUTHRALETS .

FilterIIR <> RN

FilterIIR [/CASC /COEF[=coefsWaveName] /DIM=d /ENDV=ev /HI=fHigh /LO=fLow /N={fNotch,

notchQ} /ORD=order /Z=z /7ZP] [waveName, ... |

FilterlIR O~¥> RTIl&. & waveName (I3 LT, BEIMIIERET SN IR Do I)LY—FE. Fe&
coefsWaveName D IIR T+ )L —ZEDOWIT NI ERAEINET.

BHEDOT1ILI—5%ETHE BETAILI—ELTHREENZET,
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Filter Design and Application EI@
Dresign FIR Filter Design IIR Filter Select Filter Coefficients Wave
Filter Coefficients Format: | Cascade (Direct Form II) = Create Filter using Poles and Zeros Editor..
v| Low Pass High Pass Netch
Cutoff Frequency | 0.25 Cutoff Frequency | 0.25 Notch Frequency | 0.4
MNotch Width | 0.05
Order | 2 > v |Create Coefs | coefs
From target |Sort By + Design using this Sampling Frequency (Hz) [ 1
Response  Apply Filter 0——‘—'—-—‘._._._,_‘_‘_‘_‘”_& E%E%
v| Show Magnitude — phaze 3 ég
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Make/0/DN=0 coefs: DelsyUpdate
FitterlIR/CASC/10=0.25/COEF coefs
Do It To Cmd Line To Clip Help Cancel
y—
NSA—5—
—_— . o N S - — N .
waveName (FZRtT —HFTHDHENHDFIN. /DIM TEESNITIRITDHFMN T « )L ') 2D DIFHR
EIEDFXT,

(2 RITD T4 ILFYIUTCDLNTIE. MatrixFilter O<Y> RESBLTLLEEL, )



coefsWaveName D =MR I DENT. waveName AT B ENTEET,
ERICERONHD D Lt cnEigs. V. flag (CTS—O— RhNRESNET,
O ROFETHFIENRNKDICTBICIE /Z BE>TLESL,

759
/CASC

coefsWaveName ([CHRAT— R{IEENTZ/I\A 0 Dw R 1)L —DFREMEHEN TN
DTEREBELET. mX IR T ILFYUIICHNT, AT —RARI(L Direct
Form 1 JA4I)LAUIXDEEZENENE L. BERESENTWET ., UTD HX
Tg—ROFM] otz a>zslBULTLIEE0,.

Filter Design and Application EI@

Design FIR Filter Design IIR Filter Select Filter Coefficients Wave

éFl'HErCuefﬁcients Formag: | Cascade (Direct Form 1)

Direct Form 1 [
V| Low Pass Notch
~  Cascade (Direct Form II)

Cutoff Frequency | 0.25 Notch Frequency | 0.4

Zeros and Poles

Notch Width | 0.05

Order |2 = V| Create Coefs | coefs

/COEF [=coefsWaveName]

/DIM=d

BIDE S waveName &=, T ILFYU T DFERTIIRL T4 LY —ZRECBEST]RZ
*9., £z, coefsWaveName MBESNTWVBBEE. HAhDT—T%=.
coefsWaveName ([CEFENS IIR &%= {#E>T waveName &I« )LFJ D UIhE
RICESMIFET,

coefsWaveName (F. FEFHD waveNames DWINTEHEHD TIFRDFEFA. F2.
HEEFXEIERBEOHET. 2R T TRITNIERDERA.

JCASC A>3 > AT BIIHEE. coefsWaveName (L 65 THEMR SN, 2 XZIER
DIEDIE (AR — REFESNIE/\A( 0Dy RO 3Y) (LT IRFUEDZRMNS
FNTVBIRERSDET,

/ZP MMEESNIEHZES. TOMEEFERLTRINERDFERA. TDTRVNES(G, X
HTIRINEIEDFE A,

coefsWaveName RDFZREOFERIICDWTIE, [l #8BL TS,

Filter Design and Application EI@
Deesign FIR Filter Design IIR Filter Select Filter Coefficients Wave

Filter Coefficients Format: | Cascade (Direct Form Il)

¥| Low Pass High Pass Metch

Cutoff Frequency | 0.25 Cutoff Frequency | 0.25 Notch Frequency | 0.4

Motch Width | 0.05
Order |2 = V| Create Coefs | coefs

TAIWAITETBIT—TDORTEIBELE T,

d=-1: DT—J%k% 1D LTS (IAILN) .
d>=0: TR EITHED TUIBZITLET,
/DIM=0 ZE>S &, LRt waveName (BT EDERICHITRIIRNTOEEY>

TIL TR END) DfE4DF) (ENTNAFrRIL. FIREEF v RILCEFvRIL
2E) (CTqIIY—ZBATEFET,



/ENDV=ev

/HI=fHigh

/LO=fLow

£+ )L —AIBHRDT T — T DR
RRIDME(L. ev (CBSMISNET,
/JENDV Z&BUZBSE. NS0
BEFPOCESBEISNES. T
S —EFD T —F 1 T 70 bR
=, ev ZRYIDIE. FleldOT—7
DRAIAIE R (C BT D BRI EIEIC
RELTLIZE0,

Dolt To Cmd Line To Clip Help Cancel

/ENDV (& Igor Pro 9.0 TEMlENnx Lz,

fHigh %z -3dB J—7—RiE# &I/ \1/){X Butterworth J 1LY —Z{ERR LE
T TAIF—DRE(E /ORD IS (CL>TOA> bO—-ILENFT,

fHigh (&, BTV JEIRBODETREND I 1 )LI—DFEERE T, 0.5 (EER
EFAFXBREKE) ZBATIRDEEA.

Filter Design and Application EI@
Deesign FIR Filter Design IIR Filter Select Filter Coefficients Wave

Filter Coefficients Format: | Cascade (Direct Form II) =

Low Pass | High Pass Motch

Cutoff Frequency | 0.25 Cutoff Frequency | 0.25 Notch Frequency | 0.4

Notch Width | 0.05
Order |2 = V| Create Coefs | coefs

flLow & -3dB O—7F—[iE# &9 30—/ R Butterworth T+ )L —%=/Ek UE
9, /ORD IS0 T4 IL—DRE=1> bO—ILLET,

flow (& BT U IEIRBODETREND T «ILI— D& ERE T, 0.5 (IER
{EF A FRNERER) ZBX TEIEDFEEA.

/HI & /LO OmBZEEL T, I\ RIRIT A= RUZST ORI 1L —

EERRUETS, I\ RIKNR T4 ILI—DIHENE fLow > fHigh (. I\ RUST O KD
1 ILI—DIBEE flow < fHigh ([TERELTLIEE0,

Filter Design and Application EI@
Design FIR Filter Design IIR Filter Select Filter Coefficients Wave

Filter Coefficients Format: | Cascade (Direct Form II) =

V| Low Pass ngh Pass. Netch

Cutoff Frequency | 0.23 Cutoff Frequency | 0.25 Notch Frequency | 0.4

Notch Width | 0.05
Order |2 > v |Create Coefs | coefs

/N={fNotch, notchQ?}

HUO BRSNS Notch. -3dB &g ht flNotch / notchQ M/ wF J 1 )LF—=1ER L
ESL

fNotch (. B> TV IREIREBODETREND T« )L —RETEKET. 0.5 (ER
EFAFRANERE) ZBXTERDEEA.

notchQ (& 1 KDKRSZVHMET. BEFE(E 10 5 100 OEETI, COMEHNKEL)
E. TAIAY—D TUT ] UKD ET,



Filter Design and Application EI@

Deesign FIR Filter Design IR Filter Select Filter Coefficients Wave

Filter Coefficients Format: | Cascade (Direct Form II) =

Low Pass High Pass
Cutoff Frequency | 0.25 Cutoff Frequency | 0.25 Notch Frequency | 0.4
Notch Width | 0.05
Order |2 - V| Create Coefs | coefs
/ORD=order /HI & /LO (C&L> TERK =N Butterworth J 1)L —DREEHZRTELUET, T

AILNE 2 (2R) T, BXfEE 100 TY, /HI & /LO omAMEESNEHE. O
—)\R T4 ILF—EI\AIR T 4 ILF—EZNEN order/2 DRETIERRSNDIZ8.
order [CHEHMEENEBEL. TDENROBEICHSOSNET,

Filter Design and Application EI@

Diesign FIR Filter Design IIR Filter Select Filter Coefficients Wave

Filter Coefficients Format: | Cascade (Direct Form Il) =

Low Pass High Pass Motch
Cutoff Frequency | 0.25 Cutoff Frequency | 0.25 Notch Frequency | 0.4
Notch Width | 0.05
Order | 2 > V| Create Coefs | coefs
/Z=z IS—HARELTE, TO>—2vOERITAFIESNBNELDICULET ., EiTzhilis
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DEOFEHENINT 0 DIFE (by = 1 ZFRE. b =0) . TOITAILY—FERICIFRRMEZFFD
FIR J«I)L5— (GEE n-1 ZHFDOBERA>/ULAGET IV —) £RDFT, COEKT.
FilterIIR (& FilterFIR OY> RODRX—/){—tzy hEEELTWET,

AR

BIDRELIE : o REZNFELUTIBEI D2 &I(E. Oppenheim and Shafer @ [Digital Signal
Processing] "XEZ < DHERIZE (FER D TVET, EE T, BEEHODFZREC b, DEHMERE
(C a (BBEMIC ap = 1 EHREIND) ZEL. KDODBFERONSERESEDZET. Hz) =
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NRE— REGEIE. Direct Form I (CKBHRYT — RERZEE> TF—F% T ILIUSIUET :

—b2| ’ a,

PR — RBN2Tw R Direct Form II D%
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coefsWaveName (Z. 6FIMNSRBIEIHEDD T —TF—FTRITNIERDEEA.
ZITF1DOIN1A0Dv REosa>mzRkUET,
FHEUIRDESICERESTNTULET,

BO2BBDIA (FzF [2o>a>]) (k=2) OFHE ROITIEHD., UTFTEKTT,

k Row Col 0 Col 1 Col 2 Col 3 Col 4 Col 5
1 0 Ao1 a1t az bo1 b11 b1
2 1 do2 amn az bo> b1» b2

DFOFER (a) DL DEDFRE (b) DEERPZOTLWTERBLEEA.
ZDIZA. EOIRVMEEICIE 0 ZIEL TS0,

BIZIE 3RIT«ILF— (3M - 3FR) DHRAT— BB, 1 REI> 3> E£2REDS 3> EBH»ED
BEEDTY,

TDOTEUZ 3> (k) (CHBTD ax & by DIEF 0 £12DFET,

ZZT, 2BBOEOZ3VE1IREIS IS EVTHHEESNTVET,

k Row Col 0 Col 1 Col 2 Col 3 Col 4 Col 5

1 0 Ao1 a1t az bo1 b11 b4

2 1 do2 diz 0 bo2 bi> 0
AR

BIDRECHE : DSP (CEAT BB T(E. box DEXEE 1 (SERESN. H(z) ORICEEHERNRT 1>
B (BRI K] ) iEFENnTVET,

CZTlE BBIE (FrE 23> ]) C0 Y -HIEERGRRST A ME (bo) NEIDHTS
NTWVFEY,

BUERKCBWTA—/\—D0O—ZHH I DIedD@EN R+ > igaEH T 2nENSDET,
FEVNRREOZE, £2RNRT A > Z2Hi#ll T BIEHIC. BIRIEE byy ZFRSITARTD by fEZ 1
(CERELUTERBVEEA.

FREBOFHM

/ZP ZESIHE. coefsWaveName RADRERIC(E. (BIU <ERETHD) Z ZHMBE(ICH T DERBDE
REBMNEENET,

Y@ _@-Z)E-2)(z-2) .
a X(2) B (z —po)(z —p1)(z —p2) ...

coefsWaveName (E. N+1 {THh\51R2B3 2FDEXRHMIT—T THD. E15)(C(E zero0. zerol, -,
zeroN 7%, 26 25(C(E pole0. polel. ---. poleN MZNZENEHESNTNIHNENSGDET

k Row Col O Col1

1 0 (zeroOReal, zeroOImag) (poleOReal, poleOImag)
2 1 (zerolReal, zerolImag) (polelReal, polelIimag)
3 2 (zero2Real, zero2Imag) (pole2Real, pole2Imag)

BRF(IBOEEEN 0 DINNDBE. EOHEGBRE(IHKEE coefsWaveName (CEDHDIEND
NEI,

BIZ(E, BEMN (0.7, 0.5) [CEEBESNTULDIHES., TDOH®&EE (0.7, -0.5) &xD, ZDMELBS] 0 (C5iLE
FTRIRENDDET,

N5 2DDOERIE. THERT] EHENDIBEOEKRUETD,
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READBPER(C(E (0,0) ZED>TLZEULN,
z=(0,0) CHBIFDERWVIBIE. T+« ILY—DEKREIGE (CRHEZSRIRNTZH T,

1% /ZP F(E. NEPT Direct Form 1 OFEE(CEE=NET,
ZFJz. /CASC MMEE=NZIHE(E. AT — R Direct Form 2 OEE(CERENET,
CNBSDOEEMFOZBEZ I T —THERTIRI TedbDATS 3> (EHDFEEA.

IIR fR¥EDEET

/LO. /HI. /ORD. /N. /CASC. /ZP JSJ=&IEEIT D LT, Bffiix IIR J1I)LF—=EoT=DERR LI
DTEET,

coefsWaveName %ZI8EHE T (C /COEF ZEDS E. CNSDER IIR T+ )L —DERENRIID
waveName (CH&fENZET,

KDEEMR IIR J+ )L — (Bessel. Chebyshev) (. 37 U7/z Igor Filter Design Laboratory (IFDL)
ZEOTRETITDCENTEFET,

IFDL (&. FIR (B> /OULREE) & IIR (\R-1>/ULRIEE) JaILF—%=%tL. enNsZz7—4
(CERAT B/=H(CES Igor Pro /\wH—>T9,

Zd IIR %5tV T T (4. Bessel. Butterworth. Chebyshev 72&ED7F+ OO YA T T4 L5
—DIHFEHCE DT, IR Rz EMRLET.

IFDL H'72< T%H. Pole and Zero Filter Design O3> —2v&F> T, Z FELICBESSEZFE CERE
ITBZET. HRAAL IR TAINI—=ERTDZENTEET,

RDIT% Procedure T+ > ROI(COE—U. Procedure D+ > RODTERCHSD Compile RY>&ETY
wIULTLIZE,

#include <Pole And Zero Filter Design>

RIC. Analysis XZ1—h5 Pole and Zero Filter Design Z:#RUZET .

) - . Design Fifter using Poles and Zeros =R ==
Analysis  Statistics  Macros Wi
o < Edtlt Poles/Zeros Wave 0.25 Hz Mouse Click
Curve Fitting... o X Poles & Works Normally
V' Packages O Zeros
N S WM FiterDialo 0.375 Hz [ Adds Pole
Quick Fit » - s Adds Zero
> WM WaveSelecte Selects Pole or Zero
VW ZerocPolesD Removes Pole or Zero
- zerosAndPoles X
- > WMPolarGraphs
> WindowCoordina Edit Selected Pole/Zero
- 05 HED) 0Hz olar Jrectangula
05 1 o
Compose Expression... From target (Sort By » 1 An =
New Empty Filter..
Packages k
0.375 Hz 0.125Hz
Pole and Zero Filter Design
0.25Hz
Input to Filter 0 B | smah
W root 204 5
120 Response  Filtered
sound 40 i g ;
soundMag 50 5 &| VIshow Magnitude
soundFiltered -0 | §E dB -
soundFilteredMag -100 -, T T T 0 V|Show Phase | Unwrap
- oo ot 03 0 05 ® degrees ) radians
Hz

1

// 3DDIEZDIIT—TWS5TANEZIEKRT D
Variable/G fs= 44100

Variable/G seconds= 0.5
Variable/G n= 2*round(seconds*fs/2)

Make/O/W/N=(n)
SetScale/p x, O,
Variable/G fl= 200,

sound
1/fs, "s", sound
f2= 1000, £f3=

7000

Variable/G al=100, a2=3000,a3=1500
sound= al*sin (2*pi*fl*x)

/) BT I IERER

/] RS

// 16 Ewv R YO RO —T




sound += a2*sin (2*pi*f2*x)
sound += a3*sin (2*pi*f3*x)+gnoise (10) /) JAXIOF77%=EN

/] BDANRT ML dB B CEHE TS
FFT/MAG/WINF=Hanning/DEST=soundMag sound
soundMag= 20*log (soundMag)

SetScale 4, 0, 0, "dB", soundMag

/) BOYROIT—T(C skaz. 6 RO—/\RI 1)L —=#ERATD
Duplicate/O sound, soundFiltered
FilterIIR/LO=(5000/fs) /ORD=6 soundFiltered // TIAIBRTE2R

/] TAIAEAYTEDEDIANRD N dB BAITETET S
FFT/MAG/WINF=Hanning/DEST=soundFilteredMag soundFiltered
soundFilteredMag= 20*log(soundFilteredMaqg)

SetScale d, 0, 0, "dB", soundFilteredMag

/] AINVAZE DT AIAAUT LT, T IV —DEESREABZTET S
Make/0O/D/N=2048 impulse= p== // t==0 TDOA>)VULA
SetScale/P x, 0, 1/fs, "s", impulse

Duplicate/O impulse, impulseFiltered

FilterIIR/LO=(5000/fs) /ORD=6 impulseFiltered
FFT/MAG/DEST=impulseMag impulseFiltered

impulseMag= 20*log (impulseMag)

SetScale d, 0, 0, "dB", impulseMag

FFT/OUT=5/DEST=impulsePhase impulseFiltered

impulsePhase *= 180/pi // ECEH
SetScale d, 0, 0, "deg", impulsePhase
Unwrap 360, impulsePhase // &R

// FEIREEF =TS9 D

Display/R/T impulseMag as "IIR Lowpass Example"
AppendToGraph/L=phase/T impulsePhase

AppendToGraph soundMag, soundFilteredMag

ModifyGraph axisEnab(left)={0,0.6}

ModifyGraph axisEnab (right)={0.65,1}

ModifyGraph axisEnab (phase)={0.65,1}

ModifyGraph freePos=0, 1lblPos=60, rgb(soundFilteredMag)=(0,0,65535)
ModifyGraph rgb (impulseMag)=(0,0,0), rgb(impulsePhase)=(0,65535,0)
ModifyGraph axRGB (phase)=(3,52428,1), tlblRGB(phase)=(3,52428,1)
Legend

@ lIR Lowpass Example EI@

kHz
500 I l l I :

- .Q.E — impulseMag -100 o
L —— impulsePhase -200 @
70 — soundMag 2300

0 — soundFilteredMag

40 M g0t o S L

I I I I
0 5 10 15 20

kHz

/] TAWNEBITRUETAILIIUSTH0DA > ) ULRAIEERT S I16T D
Display/L=leftImpulse impulse as "IIR Filtered Impulse"
AppendToGraph/L=leftFiltered impulseFiltered

ModifyGraph axisEnab (leftImpulse)={0,0.45}, axisEnab(leftFiltered)={0.55,1}

ModifyGraph freePos=0, margin (left)=50



ModifyGraph mode (impulse)=1, rgb (impulseFiltered)=(0,0,65535)
SetAxis bottom -0.00005,0.001

Legend
IIR Filtered Impulse =N |E=E =
0.20 -
| I impulse
0.10 - — impulseFiltered
0.00 -
1.0 —
08—
06—
044
024
0.0 I l I I l ]
0.0 02 04 06 08 1.0
ms
/] BZBETD
PlaySound sound /) TR (ICEREOE
PlaySound soundFiltered // ZHUFEDTIFIRL
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